Effect of soluble fiber or fructooligosaccharide supplementation upon trinitrobenzenesulphonic acid induced colitis in rats 
Introduction
Crohn's disease (CD) and ulcerative colitis (UC) are among the most common intestinal inflammatory diseases (IBD). Characterized by chronic inflammation of the intestine, their etiology remains unclear. No completely effective therapy is so far available for patients with IBD, but a number of experimental models have been tested in order to develop one. One of the most commonly used is a model with colitis induced by trinitrobenzene sulphonic acid (TNBS). 1 Fermentable fibers play an important role in the maintenance of normal colon cell function. They are metabolized by intestinal bacteria producing short-chain fatty acids. Of these, butyrate provides approximately 75% of the oxigen required by the colonocytes. 2 Butyrate is involved in other important processes, such as colonocyte homeostasis, hydroelectrolithic exchange, mucus production, ion and bicarbonate absorption and trophism of the intestinal epithelium, thereby stimulating proliferation in the colon. Likewise, non-digestible polysaccharides in the large intestine, such as fructooligosaccharide (FOS)¯a prebiotic soluble fiber¯are metabolized and used as a substrate for bifidobacteria and lactobacilli, which produce short-chain fatty acids during fermentation. 3 Some studies indicate that a reduction of short-chain fatty acids in the colon can damage the mucosal membrane, as in colitis when the membrane is no longer protected by fatty acids because a segment of the intestine has become inactive. These changes have been reverted by intraluminal application of fatty acids. 4 Likewise, fatty acids or butyrate enemas administered to patients with UC and to experimental models with IBD increased the concentration of these substances in the intestinal lumen, repairing inflammatory damage. However, other studies have failed to reproduce these results. 5, 6 Oral supplementation with fiber or prebiotics has therefore been administered as an alternative to enema. Different types of fiber have been evaluated with varying results, such as fiber from the seeds of plantago ovata, 7 pectin, 8 resistant starch 9 and prebiotics (inulin 10 and FOS 11 ). Thus, the Purpose of the present study was to evaluate the effect of prebiotic (FOS) or soluble fiber supplementation upon TNBS-induced colitis in rats.
Methods

Experimental design
The study employed 64 male Wistar rats weighing 300g on the average. The animals were kept at the laboratory of experimental surgery at the medical school of Universidade Federal do Ceará under adequate humidity and temperature conditions with access to water and food ad libitum in accordance with the guidelines of the US Department of Health and Human Services (1985) . Using TNBS, colitis was induced in 48 rats (Colitis Group) distributed at random in three subgroups of 16 animals each, according to the substance of intragastric infusion: Water (Subgroup 1), soluble fiber/guar gum (Subgroup 2), and fructooligosaccharides (Subgroup 3). The animals were evaluated on the seventh (n=8) or 14th (n=8) day following induction. A control group (non-Colitis Group) of 16 animals were submitted to rectal enema with water and evaluated on the seventh (n=8) or 14th (n=8) day following transrectal infusion. The rats in this group were not supplemented with fiber.
Intragastric infusion
Each day the animals in the Colitis Group (CG) were given two intragastric infusions of water (3 ml, twice daily), soluble fiber (1g in 3 ml, twice daily) or FOS (1g in 3 ml, twice daily) with a four-hour interval. This amount of fiber/FOS corresponds to 5% of the animal's daily food consumption. The animals were allowed to consume water and feed ad libitum during this period. The procedure was initiated 14 days before colitis induction and continued until the animals were sacrificed on the seventh or 14th day following induction, corresponding to a total infusion period of 21 or 28 days. An 11-cm long type 6 Fr catheter was introduced orogastrically though a mouthpiece designed to keep the animal's mouth open during the procedure.
Colitis induction/transrectal water infusion
Colitis induction was carried out 14 days after initiating intragastric infusion with fiber or FOS. During the 12 hours preceding the procedure the animals were given only water. One hour prior to the procedure the colon was submitted to an enema with 20 ml saline through a 6 Fr rectal probe inserted up to 8 cm from the anal margin. The animals were then isolated and anesthetized with diethyl ether fumes following which a 4 Fr polyethylene catheter was inserted rectally up to 8 cm from the anal margin. 20 mg TNBS (SigmaAldrich-Brasil) diluted in a 50% ethanol solution was then applied at a total volume of 0.8 ml per animal. 11 The animals were kept suspended by the tail for 30 seconds to prevent the solution from flowing back. The animals in the control group were submitted to a 0.8 ml transrectal water infusion.
Surgical procedure
The anesthetized animals were placed in dorsal decubitus on a wooden board with all four limbs immobilized and then submitted to laparotomy by xypho-pubic median incision and exposure of the abdominal cavity, exposing the rectum and descending colon 6 cm from the pubic symphysis. The fragments were sectioned for determination of inflammatory parameters. The animals were subsequently euthanized by cervical dislocation.
Weight evolution
All the animals were weighed by the same researcher at baseline and on both evaluation days (7th and 14th following colitis induction).
Colon weight/length ratio
The sectioned colorectal segments were weighed and measured in order to calculate the respective colon weight (mg)/length (cm) ratios. 12 
Macroscopic evaluation
The colorectal segments were evaluated by two researchers blinded to group assignments by applying the inflammation score (0-10) described by Morris et al. 
Microscopic evaluation
The excised colorectal segments were submitted to routine histological sectioning and staining with hematoxilin and eosin. The slides were given microscopy scores (0-11), according to the following criteria. 13 • Loss of mucosal architecture (0-3)
Statistical analysis
The results were subjected to variance analysis as expounded by Kruskal-Wallis. The Purpose of the analysis was to compare the three groups (water, soluble fiber and FOS) on the 7th and 14th day following colitis induction (evaluation days of the study). When a significant difference was found, the analysis was complemented with Wilcoxon's test. In all tests the level of statistical significance was set at 0.05. Significant values are marked with an asterisk.
Results
On the seventh day following colitis induction with TNBS the animals in the Colitis Group weighed significantly less than those of the non-Colitis Group (nCG) (Figure 1 ). However, no difference was observed between the groups supplemented with water, fiber and FOS (Panel A). On the fourteenth day following colitis induction (Panel B) no body weight difference was observed between the Colitis Group and the non-Colitis Group. The administration with TNBS produced a considerable macroscopic colonic lesion, as observed on both evaluation days (Figures 2 and 3) . No difference was observed with regard to the two evaluation days between the groups supplemented with water, fiber and FOS. Likewise, on both evaluation days colonic lesions caused by administration with TNBS could be seen microscopically in animals from the Colitis Group, but not among the controls (nCG) (Figures 4 and 5) . However, no difference was observed between the groups supplemented with water, fiber and FOS with regard to the two evaluation days. It´s demonstrated an increase in the colon weight/length ratio after TNBS administration on both evaluation days, compared to the control group ( Figure 6 ). On the 14th day the colon weight/length ratio had increased for animals supplemented with FOS but not with soluble fiber, as compared animals in the Colitis Group (Panel B). Lesions were still visible with colon wall thickening and cell infiltrate. HE 100X. 
Discussion
Fermentable fibers possess a range of properties beneficial to the organism and have been widely used not only as regular dietary components, but also as an aid in the treatment of certain pathologies. 14, 15 However, the use of fibers and prebiotics in the treatment of inflammatory diseases and in colitis models has been subject to controversy in the literature. Nevertheless, although reported studies have applied different methods and used different samples and parameters, there is considerable evidence that supplementation with fibers and prebiotics produces beneficial effects on inflammatory disease and in colitis models. 7, 9, 10, 11 In the Colitis Group, no significant difference in body weight gain was observed among the three subgroups (water, fiber and FOS). However, on the 14th day following colitis induction the colon weight/length ratio of the animals in the FOS subgroup was significantly higher than that of the two other subgroups. The macroscopic and microscopic scores of the three subgroups presented no statistically significant diffeence on either evaluation day. When testing the effect of fibers from Plantago ovata seeds upon TNBS-induced colitis, Rodriguezcabezas et al 7 found lower macroscopic and microscopic scores and lower TNF-a and nitrous oxide dosages on the 7th day following colitis induction, although they used half the dose of TNBS (10 mg) employed in the present study. The latter fact may account for differences between their findings and ours. Cherbut et al 11 reported significantly reduced macroscopic scores of myeloperoxidase (MPO) activity in a study evaluating FOS supplementation in a model of TNBS-induced colitis. No microscopic evaluation was performed. The macroscopic scores of the present study were different though a similar methodology was employed. The animals tested by Cherbut and colleagues 11 displayed higher macroscopic scores than our animals on the 14th day following induction (two additional parameters had been incorporated into the score). The macroscopic scores of present study had decreased by the 14th day with no significant difference between the FOS and water subgroups. Moreau et al 9 tested three diets (basal, FOS and resistant starch) in a model of colitis induced by dextran sulfate sodium. On the 7th and 14th day following induction, the authors registered the colon weight/length ratio, macroscopic scores, microscopic scores as well as fatty acid concentrations in the cecum and blood. Their findings for fatty acid and butyrate production and for inflammatory response differed among the groups. As shown by the macroscopic and microscopic scores on the 7th and 14th day, the inflammatory response of the group receiving resistant starch was significantly lower than that of the groups treated with FOS and basal diet. The authors suggest the produced substrates may vary in accordance with the fibers used. Compared to the group receiving resistant starch, the FOS group produced smaller amounts of fatty acids in the cecum, a fact which may be accounted for by bacterial growth in the colon under the influence of UC. The results match our own with regard to FOS supplementation although different colitis models were used. Likewise, the colon weight/ length ratio was higher in the FOS group 14 days following colitis induction. In another experiment, Videla et al 10 used inulin, a prebiotic consisting of 15-40% polysaccharide chains. Supplementation was provided intragastrically (400 mg/day) in a model with dextran sulfate sodium-induced colitis. The area of inflammation was reduced (according to microscopic scores), as was the MPO activity and the release of inflammatory mediators (thromboxane B2, leukotriene B4 and prostaglandin E2). In spite of the reduced number of polysaccharide chains, inulin reduced the inflammatory response in animals with dextran sulfate sodium-induced colitis on the fifth day of the experiment. In contrast, the present study employed FOS which consists of 95% short polysaccharide chains. The more polysaccharide chains in the diet, the more fatty acids are produced in the organism. The present study found a significant difference between the Colitis Group and the non-Colitis Group, but not between the three CG subgroups. The Colitis Group presented significantly increased inflammatory parameters and reduced body weight on the 7th day following colitis induction. However, on the 14th day this difference was no longer observed. Both the colon weight/length ratio and the macroscopic and microscopic scores of the animals in the Colitis Group were higher than in the non-Colitis Group on both evaluation days. The inflammatory process progressed with loss of the mucosal architecture, decrease of globet cells and increase of inflammatory cell infiltration along the entire colon wall on the 7th day following induction. Although the mucosal architecture had partly recovered on the 14th day, lesions were still visible with colon wall thickening and cell infiltrate in the three subgroups. Thus, the colitis model, using 20 mg TNBS of present study, produced findings comparable to those of Yamada et al. 12 In conclusion, intragastric supplementation with soluble fiber or FOS produced no significant effect upon the inflammatory parameters in the acute and chronic phase following onset of TNBS-induced colitis. The colitis model reproduced the acute and chronic phase of the inflammation.
Conclusion
Supplementation with soluble fiber or FOS produced no significant impact on TNBS-induced colitis in rats.
